Coaxial Shear Test (CAST) is used at EMPA road engineering center for determining the mechanical properties of asphalt concrete under repeated sinusoidal loading in both load and strain controlled mode at different temperatures and frequencies. CAST provides stiffness information under lateral deformation confinement, thus simulating the situation in a pavement layer under an idealized traffic loading. In order to understand the complex behavior of the system, Finite Element Analysis (FEA) of the complete test setup was carried out. The details of the FEA model as well as the data analysis procedure are described. New types of experiments, carried out with the CAST equipment, such as the determination of the water sensitivity under combined cyclic mechanical and temperature loading, are described. The distinctive features of the implementation and evaluation of the mechanical properties from experiments are discussed.
INTRODUCTION
The CoAxial Shear Test CAST is a performance oriented mechanical test method which has been designed to reflect both traffic loading conditions and the complex stress-strain response within flexible bituminous road pavement layers. The loading direction is the same as on the road, i.e. vertically to the layers.
CAST is a test where a ring shaped specimen with an outer and inner diameter of 150 mm and 55 mm is glued between a steel ring and a steel core ( Figs. 1 and 2 ). Load in axial direction is applied by means of a steel rod which is connected to the steel core in the center of the specimen.
Hence, the lateral surface of the cylindrical specimen is deformation and rotation constrained in the radial direction as it is the case for the loaded part of the road under the wheel with similar geometry. Though the loading is sinusoidal, the test differs from both uniaxial and conventional triaxial tests in its way of lateral deformation confinement which is imposed by the steel ring.
CAST is a versatile tool to determine mechanical properties of bituminous road materials. The test setup can easily be adopted to simulate combined climatic and traffic loading of a road in a well defined way and often better than with other tests. It allows investigating laboratory produced specimens and cores. Testing of the cores can be done without eliminating ' and CAP "CracMng in Asphalt Pavements '. Mr. Remy Gubler participates in the above-mentioned RILEM TC A TB.
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1359-5997 9 2005 RILEM. All rights reserved. doi:10.1617/14315 steel ring, steel core and the glue (Fig. 2) . The possible influence of the supporting aluminum construction (Fig. 1) on the overall behavior of the tested specimen as well as special features of the contact between the glue cylinders and the steel parts were not investigated. Nonlinear behavior was not taken into account either.
In [3] , selected results were also compared with other tests in a RILEM interlaboratory test [4] assuming that the relation between complex shear modulus G* and Young's modulus E* can be taken as Fig. 1 -CAST setup inside the climatic chamber and connected to the servo hydraulic loading system.
E* = 2.(I + v) G* = 3.G* (1)
This relation is valid for an incompressible material (Poisson's ratio v=0.5) mad a linear behavior. The RILEM interlaboratory tests with asphalt concrete showed reasonable agreement at a low temperature of 0~ but non negligible differences at higher temperatures of 20~ i.e. lower frequencies (Fig. 3) In addition, Electronic Speckle Pattern Interferometry (ESPI) was used to measure the actual deflection basin on the surface of a CAST specimen during loading [3] , and the FEA calculations were compared to the real ESPI results, showing acceptable correspondence for the tested material in a given c a s e .
In all these FEA considerations, it was assumed that the modulus is directly proportional to the ratio between applied force and displacement along the steel core. In terms of Young's modulus this reads E* = Fa 9 CFE the influence of the original surface on the mechanical properties. Such influence could be induced by surface damage such as cracks or raveling. It allows studying materials in a wide range of temperatures without disturbing the specimen's response to loading by permanent deformation or relaxation effects at clamping.
While, as shown below, CAST methodology has now reached a quite advanced state of development which allows to use the advantages of the test in a rather easily and more successful way, older approaches of the mathematical treatment and modeling were not fully satisfying.
PREVIOUS STUDIES
Finite element analysis of the CAST testing system was applied in earlier studies using 2D and later 3D Finite Element Analysis flEA) models [1] [2] [3] Force amplitude along the steel core; 80:
Displacement amplitude along the steel core; CFe: Coefficient of proportionality derived from FEA.
It was further assumed that the coefficient CFe depends exclusively on the geometry of the specimen such as inner diameter, outer diameter and height. 
